Introduction
The reduction of pure Chi a ( Fig. 1 ; structure I) and Chi b (II), and o f bacteriochlorophylls by NaBH4 has been extensively studied [1] [2] [3] [4] [5] [6] . In the plant chlorophylls, the 7-formyl group o f Chi b is rapidly reduced within seconds to form [7-hydroxymethyl]-Chl b (III): the reduction of the 131-oxo group o f both Chls a and b is much slower tak ing several hours at room temperature for comple tion [6 ] , N o concomitant reduction of conjugated double bonds, a well known side-reaction of borohydrides [7] , has been reported so far. We have now found that as much as 60% of the Chi b was reduced to [3- 
The structures o f chlorophyll derivatives referred to in this paper. The IU B-IU PA C approved numbering system for tetrapyrroles [14] 
Results and Discussion
The chlorophylls present in m ethanolic-NaBH4 extracts o f greened dark-grown m aize leaves as determined by chromatography and absorption spectroscopy When the pigments extracted in methanol con taining 16.5 m M NaBH4 were applied to a DEAEcellulose column and developed with CHC13, a yel low carotenoid fraction (Xm ax = 481, 454 and 426 nm) was followed by three blue chlorophyll bands. The first contained Chi a (I) (A,m ax = 6 6 6 nm). The second, split band contained two pigments with similar absorption spectra (Fig. 2) 
Product identification
The 'H NM R spectrum of [ To investigate the possibility that metal ions in the cell sap of the maize leaves are involved in the vinyl group reduction, the effect o f three metal chelating agents on ethyl group formation during chlorophyll extraction with methanolic NaBH4 were investigated: 8 -hydroxyquinoline, 8 -hydroxyquinoline-5-sulphonic acid (sodium salt) or EDTA (tetra-sodium salt) were added in equimolar con centrations with the NaBH4. The two 8 -hydroxy quinoline derivatives, but not the EDTA, strongly inhibited the formation o f the 428 nm-absorbing "3,8-diethyl" derivative (IV). However, when the concentration of the NaBH4 exceeded that of the chelating agent, the "3,8 -diethyl" compound was again formed. Further, metal ions such as Fe2+, Mg2+, Mn2+, Co2+, Cu2+ and Ca2+ did not induce the reduction of the vinyl group of pure Chi b. We concluded, therefore, that the inhibition is not due to chelation of an activating metal ion; rather, the 8 -hydroxyquinoline derivatives, in equimolar pro portions with NaBH4, were complexing the reductant and modifying its reducing properties. Indeed the chelator prevented also reduction of the 13'-oxo group. In the presence of equimolar chela tor, the NaBH4 formed a third slow-moving chlo rophyll band but it no longer had principal peaks of the doubly-reduced Chi b (V) (see above) but absorbed at 652.5, 612.5 and 431.5 nm with a shoulder at 411 nm and moved considerably faster during chromatography.
Concluding remarks
The presence of a formyl-or hydroxymethylgroup at C-7 appears to be needed for the reduc tion of the nearby 3-vinyl group as no evidence could be found for the reduction of the 3-vinyl group of Chi a during extraction. Since the 7-formyl and the 3-vinyl substituents of Chi b are close to each other and conjugated, a concerted mechanism is feasible. However, the identity of the agents in these extracts which catalyze the reduc tion are unknown.
Because the above 'H NM R investigations have shown that 2H from NaB2H4 was incorporated not
